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(57) Abstract 

An externally supported, 
tape-reinforced tubular prosthetic 
graft and method of manufacturing 
therefore. The graft comprises 
a tubular base graft formed of 
expanded, sintered fluoropolymer 
material, a strip of reinforcement 
tape helically wrapped about 
the outer surface of the tubular 
base graft and attached thereto, 
and, an external support member 
helically wrapped around the outer 
surface of the reinforcement tape 
and attached thereto. The helical 
pitch of the reinforcement tape 
is different from the helical pitch 
of the external support member. 
Preferably, the helical pitch of the 
reinforcement tape is in a direction which is opposite the direction of the external support member. 
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EXTERNALLY SUPPORTED TAPE REINFORCED VASCULAR GRAFT 

Field of the Invention 

5 

The present invention relates generally to 
prosthetic vascular grafts, and more particularly to a 
tubular, tape -reinforced externally supported vascular 
graft formed of a fluoropolymer such as 
10 polytetrafluoroethylene (PTFE) , and methods of 
manufacture therefore. 

Backgroun d of the invention 
Fluoropolymers , such as PTFE have been heretofore 

15 used for the manufacture of various types of prosthetic 
vascular grafts . Among these are various vascular grafts 
having tubular configurations so that they may be 
utilized to replace an. excised segment of blood vessel. 
The tubular prosthetic vascular grafts have 

20 traditionally been implanted, by open surgical 
techniques, whereby a diseased or damaged segment of 
blood vessel is surgically excised and removed, and the 
tubular bioprosthetic graft is then anastomosed into the 
host blood vessel as a replacement for the previously 

25 removed segment thereof. Alternatively, such tubular 
prosthetic vascular grafts have also been used as bypass 
grafts wherein opposite ends of the graft are sutured to 
a host blood vessel so as to form a bypass conduit around 
a diseased, injured or occluded segment of the host 

30 vessel. 

More recently, methods have been developed for 
endovascular implantation of tubular prosthetic vascular 
grafts. Such endovascular implantation initially 
involves translumenal delivery of the graft, in a 
35 compacted state, through a catheter or other delivery 
apparatus. Thereafter, the graft undergoes in situ 
expansion and affixation at its intended site of 
implantation within the host blood vessel . An affixation 
apparatus is typically utilized to affix the opposite 
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expansion and affixation at its intended site of 
implantation within the host blood vessel. An affixation 
apparatus is typically utilized to affix the opposite 
ends of the tubular graft to the surrounding blood vessel 
wall. in this regard, the endovascularly implanted 
tubular graft may be utilized to repair an aneurismic 
segment of a host blood vessel, without requiring open 
surgical dissection of the host blood vessel. 

In general, many of the tubular prosthetic vascular 
grafts of the prior art have been formed of extruded, 
porous PTFE tubes . m some of -the tubular grafts of the 
prior art a tape, formed of PTFE film is wrapped about 
and laminated to the outer surface of a tubular base 
graft to provide reinforcement and additional burst 
15 strength. Also, some of the prior tubular prosthetic 
vascular grafts have included external support member (s) , 
such as a PTFE beading , bonded or laminated to the outer 
surface of the tubular graft to prevent the graft from 
becoming compressed or kinked during implantation. These 
externally supported tubular vascular grafts have proven 
to be particularly useful for replacing segments of blood 
vessel which pass through, or over, joints or other 
regions of the body which undergo frequent articulation 
or movement. 



20 



25 



30 



One commercially available, externally-supported, 
tubular vascular graft is formed of a regular walled PTFE 
tube having a PTFE filament helically wrapped around, and 
bonded to, the outer surface of the PTFE tube, (impra 
Flex™ Graft, IMPRA, inc., Tempe, Az) 

One other commercially available, externally- 
supported, tubular vascular graft comprises a regular 
walled, PTFE tube which has PTFE reinforcement tape 
helically wrapped around, and bonded to, the outer 
surface of the PTFE tube and individual rings of 
35 Fluorinated Ethylene Propylene (FEP) rings disposed 
around, and bonded to, the outer surface of the 
reinforcement tape. (FEP ringed ePTFE vascular graft, 



WO 96/40001 



PCT/US96/09748 



10 



15 



-3- 

W.L. Gore & Associates, Inc., Flagstaff, AZ) 

When surgically implanting the externally-supported 
tubular vascular grafts of the prior art, it is typical 
for the surgeon to peel the support filament or support 
ring(s) away from the opposite ends of the tubular graft 
to facilitate anastomosis of the ends of the graft to the 
host blood vessel. However, such peeling away of the 
external support filament or ring(s) may, in at least 
some cases, also result in some peeling or fraying of any 
reinforcement tape from the adjacent end portions of the 
tubular graft. such fraying or peeling of the 
reinforcement tape concurrently with removal of the 
external support member (s) is undesirable. 

Accordingly, there remains a need in the art for the 
development of new externally-supported, tape-reinforced, 
tubular vascular grafts which are constructed to permit 
an external support member (e.g., a PTFE filament) to be 
peeled away from the end regions of the graft, without 
causing concurrent peeling or fraying of the underlying 
20 reinforcement tape from the tubular base graft. 

T ^ t he Invention 
The invention comprises an externally-supported, 
tape-reinforced, tubular prosthetic graft which 

25 comprises; a tubular base graft formed of expanded, 
sintered f luoropolymer (e.g. PTFE) material; a strip of 
reinforcement tape helically wrapped around and bonded to 
the outer surface of the tubular base graft, in a first 
helical pitch (i.e. , configuration or direction) ; and, an 

30 external support member (e.g., PTFE beading) helically 
wrapped around and bonded to the outer surface of the 
reinforcement tape, in a second helical pitch (i.e., 
configuration or direction) which is different from said 
first helical pitch. in the preferred embodiment, the 

35 second helical pitch of the external support member is in 
a direction which is opposite the direction of the first 
helical pitch of the reinforcement tape. 
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Further in accordance with the invention, the 
external support member may be formed of substantially 
non-elastic material which is capable of providing 
external conf igurational support to the tubular graft so 
as to prevent substantial indentation or kinking of the 
tubular graft when positioned in a region of a host body 
which undergoes bending or other movement which would be 
likely to indent or kink the tubular graft. 

Still further in accordance with the invention, 
there is provided a method- of manufacturing the 
externally-supported, tape-reinforced, tubular prosthetic 
grafts of the present invention, said method comprising 
the steps of (a) providing a tubular base graft formed of 
expanded, sintered f luoropolymer material; (b) providing 
at least one strip of reinforcement tape formed of 
expanded sintered f luoropolymer film; (c) wrapping said 
reinforcement tape helically around the outer surface of 
the tubular base graft in a first helical disposition 
(i.e., configuration or direction); (d) causing the 
helically wrapped reinforcement tape to become fused to 
the tubular base graft; (e) providing an external support 
member formed of substantially non-elastic beading; (f) 
helically wrapping the external support member around the 
outer surface of the helically-wrapped reinforcement 
25 tape, in a second helical disposition (i.e., 
configuration or direction) which differs from the first 
helical disposition of the reinforcement tape; and, (g) 
causing the helically wrapped external support member to 

become attached to the helically wrapped reinforcement 
30 tape. 

Further objects and aspects of the invention will 
become apparent to those skilled in the art upon reading 
and understanding of the following detailed description 
and the accompanying drawings. 



20 
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ief Des cription of the nrawinqs 
Figure l is an elevational view of a first step in 
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the manufacturing method of the present invention wherein 
a tubular base graft is positioned on a rigid mandrel. 

Figure 2 is an elevational view showing of a second 
step of the manufacturing method of the present invention 
5 wherein a f luoropolymer film reinforcement tape is 
helically wrapped about, and heat laminated to, the outer 
surface of a tubular base graft. 

Figure 3 is an elevational view of a third step in 
the manufacturing method of the present invention wherein 
10 a fluoropolymer filament is helically positioned on, and 
heat-laminated to, a tape-reinforced tubular graft, the 
helical disposition of the support filament being in 
opposite disposition to the helical disposition of the 
reinforcement tape. 

15 Figure 4 is an elevational view of a segment of 

externally supported tape-reinforced tubular vascular 
graft material manufactured in accordance with the 
present invention. 

20 Detailed Description of the Preferred ff m^^.^ 

The following detailed description and the 
accompanying drawings to which it refers are provided for 
purposes of describing and illustrating the presently 
preferred embodiments of the invention only, and are not 
25 intended to limit the scope of the invention in any way. 

Figure 1 shows a first step in the method of the 
present invention wherein an extruded tubular 
fluoropolymer base graft 10 is disposed on a rod or 
mandrel 12. 

The tubular base graft 10 will typically be 
manufactured of expanded, sintered PTFE in accordance 
with the following general methodology: 
A. Prepara tion of the Tubular Base Graft 
i.) Preparation of Paste 
35 The manufacture of the tubular base graft begins 

with the step of preparing a PTFE paste dispersion for 
subsequent extrusion. This PTFE paste dispersion may be 
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prepared by known methodology whereby a fine, virgin PTFE 
powder (e.g., f-104 or F-103 Virgin PTFE Fine Powder, 
Dakin America , 20 Olympic Drive, Orangebury, NY 10962) is 
blended with a liquid lubricant, such as odorless mineral 
5 spirits (e.g., Isopar®, Exxon Chemical Company, Houston, 
TX 77253-3272), to form a PTFE paste of the desired 
consistency. 

ii-) Extrusion of TubP 

The PTFE- lubricant blend dispersion is subsequently 
passed through a tubular extrusion dye to form a tubular 
extrudate . 

iii. ) Drvina 

The wet tubular extrudate is then subjected to a 
drying step whereby the liquid lubricant is removed. 
This drying step may be accomplished at room temperature 
or by placing the wet tubular extrudate in an oven 
maintained at an elevated temperature at or near the 
lubricant's dry point for a sufficient period of time to 
result in evaporation of substantially all of the liquid 
20 lubricant. 

iv. ) Expansion 

Thereafter, the dried tubular extrudate is 
longitudinally expanded or longitudinally drawn at a 
temperature less than 327 °C and typically in the range of 
250-326»C. This longitudinal expansion of the extrudate 
may be accomplished through the use of known methodology, 
and may be implemented by the use of a device known as a 
batch expander. Typically, the tubular extrudate is 
longitudinally expanded by an expansion ratio of more 
than two to one (2:1) (i.e., at least two (2) times its 
original length) . 

v.) Sintering 

After the longitudinal expansion step has been 
completed, the tubular extrudate is subjected to a 
sintering step whereby the extrudate is heated to a 
temperature above the sintering temperature of PTFE 
(i.e., 350-370°C) to effect amorphous-locking of the PTFE 
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polymer. The methodology used to effect the sintering 
step, and the devices used to implement such methodology, 
are known in the art. 

Completion of the sintering step marks the 
5 completion of the preparation of the expanded, sintered 
PTFE base graft 10. 

Figure 2 shows a second step in the method wherein 
a reinforcement tape 14 formed of material such as 
expanded sintered PTFE film is helically wrapped about 
10 the outer surface of the tubular, base graft 10, and heat 
laminated thereto. 

The reinforcement tape 14 may be manufactured by any 
suitable method, including the general method for 
manufacturing expanded PTFE reinforcement tape, as 
15 follows: B. Preparati on of Reinforcement t* P a 

i«) Preparat ion of Paste Disp ^sinn 

The preparation of the expanded sintered PTFE 
reinforcement tape 14 includes the initial preparation of 
a PTFE paste dispersion. The PTFE paste dispersion 
20 prepared in this step may be prepared in the same manner 
as described hereabove for preparation of the PTFE paste 
dispersion used to form the tubular base graft. 

ii« ) Extrusion of Film 

The PTFE paste dispersion is subsequently passed 
25 through the film extrusion dye to form a wet film 
extrudate. The wet film extrudate is taken up or wound 
upon a rotating core so as to form a roll of the wet film 
extrudate . 

iii.) Calendaring 

30 The wet film extrudate is subsequently unrolled and 

subjected to an initial cold (i.e., <ioo°c) calendaring 
step by passing the film through at least one set of 
opposing stainless steel calendaring rollers having an 
adjustable gap thickness therebetween. The calendaring 

35 rollers are preferably maintained at a temperature 
between room temperature and 60°c. The width of the wet 
extrudate is held constant as it passes through these 
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calendaring rollers. The thickness of the wet film 
extrudate is reduced to its desired final thickness 
(e.g., 0.004-0.005 inches) while the width of the film is 
maintained constant. It will be appreciated that, since 
5 the width of the film is maintained constant, the passage 
of the film through the calendaring machine will result 
in a longitudinal lengthening of the film. The amount of 
longitudinal lengthening will be a function of the 
decrease in fiHn thickness which occurs as the film 
10 passes between the calendaring rollers. 

One example of a commercially available calendaring 
machine useable for this purpose is the small Killion 2 
Roll Stack, (Killion Extruders, inc., cedar Grove, NJ 

07009.) 

15 iv) Drying 

Thereafter, the wet film is subjected to a drying 
step. This drying step may be accomplished by permitting 
or causing the liquid lubricant to evaporate from the 
matrix of the film. such evaporation of the liquid 
lubricant may be facilitated by passing the film over a 
drum or roller which is maintained in an elevated 
temperature sufficient to cause the liquid lubricant to 
fully evaporate from the film matrix. 
V) Expansion 

Separately, or concurrently with the drying step the 
film is subjected to an expansion step, such expansion 
step comprises expanding the PTFE film in at least one 
direction (e.g., longitudinally). Such expansion of the 
film serves to a) increase the porosity of the film, b) 
increase the strength of the film, and c) orient the PTFE 
fibrils in the direction of the axis of expansion. 

This expansion step is typically carried out with 
some heating of the film during such expansion, but such 
heating does not exceed the crystalline melting point of 
35 the PTFE polymer. 

vi) Sintering 

After the drying step and expansion step have been 
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completed, the film is subjected to a sintering step 
wherein the film is heated to a temperature above the 
melting point of ptfe to accomplish sintering or 
amorphous locking of the PTFE polymer. This sintering 
5 step may be carried out by passing the film over a drum 
or roller which is maintained at a high surface 
. temperature (e.g., 350-420'c) to cause the desired 
heating of the PTFE film above the melting point of the 
PTFE polymer for a sufficient period of time to effect 
10 the desired sintering of the film. 

vi i) Cutting t he Film TiH- Q strip * 
After the film has been dried, the film is cut into 
strips, each strip typically having a width of 0.25-0.50 
inches, thereby creating strips of expanded, sintered 
15 PTFE reinforcement tape 14. 

Thereafter, the strips of expanded sintered PTFE 
reinforcement tape 14 are helically wrapped about and 
laminated to the outer surface of the tubular base graft 
10, in accordance with the following methodology: 
c ' Wrapping and Lamination of th* Re informant Tape 
Onto the T ubular Base Graft 

The expanded sintered PTFE reinforcement tape 14 is 
helically wrapped onto the outer surface of the tubular 
base graft 10 by laying the reinforcement tape 14 onto 
the outer surface of the tubular base graft 10, at a 
desired angle h u relative to the longitudinal axis LA of 
the base graft, while the mandrel 12 and base graft 10 
are rotated about such longitudinal axis LA. This 
results in helical wrapping of the reinforcement tape 14 
onto the outer surface of the base graft 10, in a first 
helical configuration or pitch. The helical 

configuration or pitch is determined by the longitudinal 
spacing between the individual convolutions of the helix 
and is a function of the size and direction of angle A 1 
35 which is the angle at which the tape 14 is wrapped 
relative to the longitudinal axis LA of the base graft. 
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The number of layers of tape 14 applied to the base 
9 ra t X0 is variable for each si Z e o, craft. The Jlr 
of layers of tape 14 depends on the desired mechanical 
and physical properties of the craft (e.g., 3 

pressure, water entry D r essur . e .4. 
Sr , ann ,M 7 pressure ' suture retention 
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_ ' re^entxor 

strength, . i„ the preferred manufacturing methodology, 
the width of the tape u is approximately 0.5 inched 
irrespective of >. . . * inches, 



Respective of the number of la'/ers of t^ 

(i.e. the distance from leading edge to leading edge of 
the adjacent convolutions of tape, varies depending on 
the size of the graft and the numbers of layers of tape 
desired. For example, when tape having a width of 0.5 
inches is used, and a total of five tape layers are 
desired, the pitch of the tape is 0.! inches, but if ten 

layers of tape are desired, the pitch will be 0.05 

inches . 

Thereafter, a heating apparatus IS , such as an oven, 
is used to heat the sintered PTPE reinforcement tape 14 
and sintered PTPE base graft 10 to a temperature of 
approximately 355-375-c for a period of approximately 10- 
60 minutes to cause the reinforcement tap. 14 to become 
laminated to the outer surface of the tubular base graft 

25 tl , T1>iS r6SUltS " * °™ atl ° n ° f a tape-reinforced 

25 tubular graft. 

D ' * r »PPia<T hnn Lamina* W . hc 
Member Onto the Tap o-neinfoi.^ «~- f j. 

Thereafter, while the tape-reinforced tubular graft 
remaps disposed on the rigid mandrel 12, an external 
reinforcement member is, preferably a sintered PTFE 
filament, is helically wound onto the outer surface of 
the rexnf orcement tape 14 at a helical disposition which 
is opposite or substantially different from the helical 
dispositxon of the reinforcement tape 14 . This may be 
accomplished by laying the reinforcement member 18 onto 
the outer surface of the reinforcement tape at a desired 
angle a 2 relative to the longitudinal axis LA of the base 
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graft 10, while concurrently rotating the mandrel in a 
direction opposite to that used to wrap the reinforcement 
tape onto the graft 12 and tape-reinforced graft about 
the longitudinal axis la. This results in 
5 wrapping of the external support member 18 onto the outer 
surface of the reinforcement tape 14 in a helical 
configuration or pitch which is different from the 
helical configuration or pitch of the reinforcement tape. 
The external support member 18 functions to increase 
10 the kink resistance and crush resistance of the graft 
without affecting the handling characteristics of the 
graft. Typically, the helical configuration or pitch of 
the external support member 18 will remain constant for 
each size of the graft. 

15 In accordance with the present invention, the 

helical configuration or pitch of the external support 
member 18 is dlfjgr^t from that of the reinforcement 
tape 14. m some embodiments, such as the embodiment 
shown in Figures 3-4, the size of the angles a, and A 2 at 
20 whxch the tape 14 and reinforcement member 18 are applied 
to the base graft 12 may be of differing or equivalent 
size, but the direction of the angles will be opposite 
one another, thereby resulting in differing helical 
configurations or pitch of the tape 14 and external 
25 support member 18 . in other embodiments the directions 
of the angles A, and A 2 may be the same, but the angular 
size of such angles A, and A 2 will differ, thereby 
resulting in directionally similar but different helical 
configurations or pitches of the reinforcement tape 14 
30 and external support member 18. 

After the external support member is has been 
wrapped about the outer surface of the reinforcement tape 
14 at its desired helical configuration or pitch, a 
heating apparatus 16, such as an oven, is used to heat- 
35 laminate the external support member 18 to the outer 
surface of the reinforcement tape 14. 
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The external reinforcement member is may comprise a 
Sintered PTPE monofilament bead, such as the PTFE £adi„o 

avaiiabie trm — 

inc., Orangeburg, South Carolina 

5 the f o T ^ b ° Ve " deSCribed manufacturing method results in 
the formation of an externally supported tape-reinforced 
tubular prosthetic graft 20 uhirn, • rced 

ptpe f„h„i u comprises a sintered 

.fife tubular base araf-t- in • 

^ 10 havi «g a sintered PTPE 
reinforcement tane 14 han^n ^j-**. 
10 flr « t >, t , helically wrapped thereon in a 

10 first helical disposition, and 
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, ' a sintered PTFE 

surlTr" "T? " heliCaU * ««- on the outer 
dil!", «* tape 14 in a second helical 

dxspcs tion which is different from the helical 
disposition or the reinforcement tape M . lt wlu J 

appreciated that the present invention has been desert 

herein with r-o-F^v^ ^ . xoea 



herein with reference to a.rt^Z" 7 ^ 

^ certain preferred or exemplary 

embodiments and manufacturing methods. The preferred or 
exemplary embodiments and manufacturing methods described 
herein may be modified, changed, added to or deviated 
from without departing from the intended spirit and sco^ 

such ad^ lnVenti ° n ' "* " 13 intOTdea *"»* 
such additions, modifications, amendments and/or 

ctlims te lnClUded " ithin thE ° f «- tolJL, 
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WHAT IS CLAIMED IS: 

1. An externally supported, tape-reinforced, 
tubular prosthetic graft comprising: 

a tubular base graft formed of expanded, 
sxntered f luoropolymer, said tubular base graft 
having an inner luminal surface and an outer 
surface; 

a strip of reinforcement tape helically wrapped 
around the outer surface of the tubular base grift 
xn a first he i ical pltch# ^ ^ 

reinforcement tape having an inner surface which is 
xn abutment with the outer surface of the tubular 
base graft, and an outer surface; 

an external support member helically wrapped 
around the outer surface of the reinforcement tape 
in a second helical pitch which is different from 
the first helical pitch of said reinforcement tape. 

9raft ° f Claim 1 wherein s *i* tubular base 
graft is formed of expanded, sintered PTFE. 

20 3 . The graft of claim i wherein said reinforcement 

tape ls formed of expanded, sintered PTFE. 

4. The graft of Claim i wherein said external 
support member is formed of ptfe beading. 

5- The graft of claim i wherein said external 
blading. ^ ° f n ° n - elastic luoropolymer 

6- The graft of Claim 5 wherein said non-elastic 
f luoropolymer beading is PTFE beading. " 

7 . The graft of Claim 1 wherein the helical pitch 
of the external support member is opposite the helical 
pitch of the reinforcement tape. 

8. a method of manufacturing an externally- 
supported, tape-reinforced, tubular prosthetic graft 
said method comprising the steps of: 

a) Providing a tubular base graft formed of 
expanded, sintered fluoropoiymer material, said 
tubular base graft having an inner luminal surface 
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and an outer surface; 

b) providing at least one strip of 
reinforcement tape forced of expanded, sintered 
tluoropolymer film; 

5 around th T"" ° rCemmt ta P e >»"o«lly 

around the outer surface of the tubular base graft 
in a first helical pitch; 

d) causing the helically wrapped 
reinforcement tape to become attached to the tubuL 

1 base graft; 

e) providing an external support member 
formed of substantially non-elastic beading- 

f) helically wrapping the external support 
member around the helically wrapped reinforcement 
tape in a second helical pitch which differs from 
said first helical pitch; and, 

su ™ 9 l T Sin9 helicall y capped external 

support member to become attached to the helically 
wrapped reinforcement tape. 

menu/'. ^ °* ^ 8 Ste * a ' comprises 

manufacturing said tubular base graft by a m ethod 

comprising the following steps : ^ 

preparing a f luoropolymer paste by mixing 
crystalline f luoropolymer powder with a quantity of 
liquid lubricant; 

forming the f luoropolymer paste into a tubular 
workpiece; 

expanding the tubular workpiece in at least one 
axis of expansion; 

drying the tubular irortn^„» *. 

* u«uj.ar workpiece to remove the 

liquid lubricant therefrom; 

tubui sl T rln9 the tubular workpleca to «« 

tubular base graft. 

10. The method of Claim 8 wherein step b, comprises 
manufacturing a guantity of exp a„d ea , 
fiuoropoiymer tape by a method comprising the ste^L o" 

preparing a tluoropolymer paste by miring a 
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crystalline fluoropolymer powder with a quantity of 

liquid lubricant; 

forming the fluoropolymer paste into a film- 
calendaring the film- 

theref^ ' *° ^ """" 

expanZr 1 " 9 " " ^ ~ ^ <* 

sintering the expanded film; and, 
. cuttin 9f the sanded, sintered film into strlps 
to thereby form said reinforcement tape. 
11. The method of n*-.™ o i_ 
comprises: 8 ste P c ' 

laying the reinforcement tape against the outer 
surface of the tubular base graft at a predetermine* 
angle relative to the longitudinal axis of the 
tubular base graft and concurrently rotating the 
tubular base graft about its longitudinal axis so as 
to heucally wrap said reinforcement tape around the 
outer surface of the tubular base graft in a helical 
pitch. 

heating the helically wrapped reinforcement tape and 
tubular base graft tc cause the reinforcement tape to 
25 become laminated to the base graft. 

13 • The method of Claim e wherein step e 
comprises: * ' 

providing a quantity of PTFE beading 

14. The method of claim 8 wherein step f 

3 0 comprises : * ' 

laying the external support member against the 
outer surface of the reinforcement tape-wrapped 
tubular base graft at a second predetermined angle 
relative to the longitudinal axis of the tubular 
base graft and concurrently rotating the tubular 
base graft about its longitudinal axis thereby 
causing the external support member to become 
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helically wrapped around the reinforcement tape in 
a second helical pitch which differs from the first 
helical pitch at which the reinforcement tape was 
wrapped . 

heat • 15 Vh ^ meth ° d ° f Clalm 8 Wh6rein St6P *< -^ises 
heating the external support member and the reinforcement 

tape to a temperature which causes the external support 
member to become laminated to the reinforcement tape. 
16. The method of Claim 8 wherein: 

' step c, comprises laying the reinforcement tape 
against the outer surface of the tubular base graft 
at a first predetermined angle relative to the 
longitudinal axis of the tubular base graft and 
rotating the tubular base graft about its 
longitudinal axis so as to helically wrap said 
reinforcement tape around the outer surface of the 
tubular base graft in a first helical pitch; and, 
wherein step f, comprises: 

laying the external support member against the 
outer surface of the reinforcement tape-wrapped 
tubular base graft at a second predetermined angle 
relative to the longitudinal axis of the tubular 
base graft and concurrently rotating the tape- 
wrapped tubular base graft about its longitudinal 
axis thereby causing the external support member to 
become helically wrapped about the reinforcement 
tape in a second helical pitch which differs from 
said fi rst nelical pitch at wh . ch ^ reinforceffient 

tape was wrapped. 

17. The method of Claim 16 wherein said first and 
second predetermined angles are of the same number of 
degrees relative to the longitudinal axis, but are in 
different directions relative to the longitudinal axis, 
thereby resulting in a directional difference between 
said first helical pitch and said second helical pitch 

18. The method of Claim 16 wherein said first and 
second pre-determined angles are of differing angular 
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HTft ^eri: t0 ^ l0 ^^ axis of said base 
graft, thereby resulting in differences in the first 
helical pitch of v.^-* 1,18 flrst 
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helical pitch of the external support member. 
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